Introduction
============

Hashimoto\'s thyroiditis and Graves\' disease are the two classic types of autoimmune thyroid diseases. They differ from each other in immune and clinical aspects, but their pathogenetic background is similar. Like many other autoimmune diseases, they develop as the result of coincidence of genetic susceptibility and environmental factors. According to the statistical model based on Graves\' disease in Danish twins, the genetic susceptibility seems to be the most important factor in the autoimmune thyroid disease development \[[@B1]\]. Genes encoding cytotoxic T lymphocyte antigen-4 (CTLA-4) and human leukocyte antigens (HLA) are proposed as being the most significant susceptibility genes for these thyroid disorders \[[@B2]\]. The former encodes the lymphocytic antigen, which plays a key role in the regulation of the immune responses. The CTLA-4 is an important negative regulator of the T cell activation. It has a role in the key pathway of T cell activation together with the other T cell antigen, CD28. They both bind to the same ligands: B7.1 and B7.2 on the antigen presenting cells. The CD28 induces the stimulatory signal for activation and the CTLA-4 (CD152) for termination of an immune response. It is well established that the lack of CD152 causes lymphoproliferative disorders in experimental animal models \[[@B3],[@B4]\]. In humans, CTLA-4 gene was described as being associated with many autoimmune diseases, particularly thyroid autoimmune diseases \[[@B2],[@B5]\]. The influence of CTLA-4 gene polymorphisms on the clinical course of autoimmune thyroid disorders and the association of CTLA-4 gene with anti-thyroid antibody production in patients with Graves\' disease or autoimmune thyroiditis has been documented in several studies \[[@B6]-[@B9]\]. However, the molecular mechanisms of that association have not yet been clearly elucidated. Therefore, the aim of the present study was to investigate whether CD152 expression on the surface of T cell would correlate with the level of anti-thyroid antibodies in young patients with Hashimoto\'s thyroiditis (HT).

Materials and methods
=====================

The study was approved by the Bioethics Committee of Warsaw Medical University in Warsaw, Poland. Parents of patients signed informed consent for the participation in the study.

Blood samples were obtained from 45 children with chronic autoimmune thyroiditis and from 55 healthy children, age- and sex-matched, free of allergic, immune and hematological disorders, and with a normal thyroid function. The mean age of HT patients was 14.8 ± 2.4 years and that of control subjects was 14.6 ± 2.3 years. The diagnosis of HT was based on the presence of anti-thyroperoxidase (anti-TPO) and anti-thyroglobulin antibodies (anti-Tg), and on the typical ultrasonographic appearance of the thyroid gland.

The anti-thyroid antibodies were measured with Microparticle Enzyme Immunoassay: AxSYM Anti-Tg and AxSYM Anti-TPO (Abbott Laboratories, Abbott Park, IL, USA). The positive result for anti-Tg was taken as \> 34 IU/ml and for anti-TPO antibodies as \> 12 IU/ml. Cell preparation before cytometric analysis was described previously \[[@B10]\]. In brief, heparinized blood samples from HT children and healthy controls were diluted in saline three times, and centrifuged for 30 min by 400 x *g*on Histopaque 1077-1 density gradient from SIGMA Diagnostics (St. Louis, MO, USA). The isolated peripheral blood mononuclear cells (PBMC) were incubated with monoclonal antibodies for 30 min at 25°C in darkness. Analysis was performed with the use of monoclonal antibody combination: CD4- FITC/CD28 -PC5/CD152 -PE and CD8 -FITC/CD28 -PC5/CD152 -PE obtained from Immunotech Beckman Coulter Company (Beckman Coulter Company, Paris Nord, France). After incubation samples were fixed and lysed by the reagent set Uti-Lyse (Dako Cytomation, Gdynia, Poland). The T cell phenotype was evaluated using the flow cytometer Beckman Coulter EPICS XL 4C (EPICS XL/XLMCL, version 2.0, Beckman Coulter Company, Paris Nord, France).

Results were statistically analyzed with a *t*-test, Mann-Whitney U test, and Spearman\'s test for correlations, as required.

Results
=======

In tricolor cytometry, a significantly decreased percentage of T cells with CD152 expression was found in the children with HT compared with healthy controls: 2.6 ± 1.8 and 4.5 ± 1.5%, respectively (P \< 0.001). The difference was statistically significant in both basic T cell subsets: CD4+ and CD8+ (Table [1](#T1){ref-type="table"}). The percentages of CD4+CD152+ T cells were 1.0 ± 0.8 in the HT children *vs*. 2.5 ± 1.6% in controls (P \< 0.0001), and those of CD8+CD152+ T cells were 1.2 ± 1.6 *vs*. 2.5 ± 2.0%, respectively (P \< 0.0004). The total number of CD4+ and CD8+ T cells was similar in the HT patients and controls. The percentage of T cells expressing the CD28 antigen also was comparable in the HT patients and controls (Table [1](#T1){ref-type="table"}).

###### 

Baseline CD phenotypes of T cells in children with Hashimoto\'s thyroiditis and in healthy controls.

  T cell subset (antygen)   Contribution in peripheral Blood mononuclear cells (mean% ± SD)   
  ------------------------- ----------------------------------------------------------------- --------------
                            **Hashimoto\'s**                                                  **Controls**
                                                                                              
  CD4+CD28+                 20.6 ± 9.6                                                        21.1 ± 9.5
  CD4+CD152+                1.0 ± 0.8\*                                                       2.51 ± 1.6\*
  CD8+CD28+                 7.9 ± 4.9                                                         7.9 ± 3.5
  CD8+CD152+                1.2 ± 1.6\*                                                       2.5 ± 2.0\*
  CD4+                      23.7 ± 10.1                                                       23.9 ± 9.6
  CD8+                      16.6 ± 8.3                                                        16.9 ± 5.9
  CD28+                     32.2 ± 14.2                                                       33.2 ± 12.7
  CD152+                    2.6 ± 1.8\*                                                       4.5 ± 1.5\*

\*P \< 0.05 for the difference between the two groups.

In the HT children, the only significant correlation found was that between the level of anti-Tg antibodies and the number of CD4+CD152+ T cells (r = -0.3; P \< 0.05) (Figure [1](#F1){ref-type="fig"}). The other antigens examined did not correlate with either anti-Tg or anti-TPO antibodies. However, the anti-Tg and anti-TPO antibodies positively correlated with each other (r = 0.34; P \< 0.04).

![**Correlation between anti-thyroglobulin antibodies and the number of CD4+CD152+ T cells**.](2047-783X-15-S2-72-1){#F1}

Discussion
==========

The CD152 (CTLA-4) is a key negative regulator of T-cell activation. Previous studies based on the association between the CTLA-4 gene polymorphisms and Graves\'s disease and Hashimoto\'s thyroiditis showed that this antigen is involved in the pathogenesis of autoimmune thyroid diseases. Nevertheless, the functional effect of particular polymorphisms has not yet been elucidated. Anjos et al \[[@B11]\] suggested that the impairment of CTLA-4 function is due to decreased surface expression of CD152 on T cells. They explained it with alterations in the signal peptide of CTLA-4, leading to impaired processing to the cell surface. Our previous observation that the percentage of T cells with the surface expression of CD152 was significantly lower in children with Hashimoto\'s thyroiditis than in healthy controls is in agreement with the above outlined results \[[@B12]\]. In the present study we found that in patients with a lower amount of CD152+ T cells, the level of anti-thyroglobulin antibodies was statistically greater. The explanation of this finding seems to be a logical consequence of CTLA-4 function. The expression of CD152+ on T cells is a key factor for the termination of an immune response. Thus, a decreased number of CD152+ T cells can be responsible for a continuous activation of autoreactive T cells and for the development of autoimmune processes. This is in agreement with Anjos et al \[[@B11]\], who reported a decreased amount of CTLA-4 on the T cell surface, which promotes T lymphocyte proliferation leading to autoimmune disease.

Laboratory markers of autoimmune thyroiditis are the anti-thyroid autoantibodies. In our patients, only did anti-thyroglobulin antibodies correlate with decreased expression of CD152 and anti-thyroperoxidase antibodies did not. Some studies of the natural course of Hashimoto\'s thyroiditis in children have shown that anti-thyroglobulin antibodies can appear earlier and reach higher levels than anti-thyroperoxidase antibodies. The preponderance of anti-thyroglobulin antibodies at early stages of autoimmune thyroiditis in children has been documented in several papers \[[@B13],[@B14]\]. The best human models for the investigation of the natural development of autoimmune thyroiditis are the populations who initiate the mandatory iodination. According to these data, several years after the start of iodination anti-thyroglobulin antibodies rise as the first marker of autoimmune thyroiditis \[[@B15],[@B16]\]. The hypothesis that thyroglobulin is a thyroid antigen, easily available to the immune system, which can initiate an autoimmune response remains still attractive \[[@B17]-[@B19]\]. It is known that iodination of the thyroglobulin particle alters its immunogenicity and exposes cryptic epitopes, which may break the peripheral tolerance and initiate an autoimmune process \[[@B19]\]. Anti-Tg antibodies are normally found in human serum, but they are referred to as natural autoantibodies, are poly-specific, and have different affinity for epitopes than anti-Tg antibodies from patients with Hashimoto\'s thyroiditis \[[@B20]\]. In the present study, our patients\' anti-Tg antibodies correlated with decreasing expression of CD152, especially on CD4+ T cell. This T cell subset is important in humoral responses and antibodies production. It is known that the level of anti-thyroid antibodies is not constant in patients with autoimmune thyroiditis and varies during the disease development. The correlation between the level of antibodies and CD152 expression found in our patients may suggest that CD152 expression on CD4+ might be involved in alterations of antibodies in the course of disease. This observation requires further supportive explorations and a follow-up of the examined patients. We conclude that in children with Hashimoto\'s thyroiditis the number of T cell positive for CD152 is decreased compared with healthy children. The number of CD4+CD152+ T cells negatively correlates with the level of anti-thyroglobulin antibodies.
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